5. Conclusion 

It is believed that all of the stated grounds of rejection have been properly 
traversed, accommodated, or rendered moot. Applicant therefore respectfully requests 
that the Examiner reconsider and withdraw all presently outstanding rejections. It is 
believed that a full and complete response has been made to the outstanding Office 
Action and the present application is in condition for allowance. Thus, prompt and 
favorable consideration of this amendment is respectfully requested. If the Examiner 
believes that personal communication will expedite prosecution of this application, the 
Examiner is invited to telephone the undersigned at (248) 641-1600. 
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With the Use of Viscoelastic Materials and Newquinolone 

Koichiro Tanaka 0 * Shinichiro Kobayakawa 0 Takuya Oshida 0 
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Nursing, Faculty of Medicine, Toho University 



ABSTRACT 

Purpose : We previously reported a delay in newquinolone penetration with viscoelastic materials 
in vitro. In the present study, we attempted to determine the effect of viscoelastic materials on 
bacterial endophthalmitis and to evaluate "Antibacterial Visco", a novel mixture of viscoelastic 
material and levofloxacin. 

Methods: l) We developed an endophthalmitis model utilizing anterior chamber inoculation of 
methicillin-resistant Staphylococcus aureus (MRSA) in rabbit. 2) Three groups were then formed 
to determine the effect of viscoelastic materials on endophthalmitis. A) Mixed inoculation group: 
inoculation of a mixture of viscoelastic materials and iVIRSA ; B) Separate inoculation group: 
inoculation of viscoelastic materials followed by inoculation of MRSA : and C) Bacteria inoculation 
group: inoculation of MRSA. 3) Finally, the effects of a mixture of viscoelastic materials and 
levofloxacin on endophthalmitis were evaluated: A) antibacterial visco group, B) an eye drop 
treatment group, C) a non-treatment group, and D) a bacteria inoculation group. 

Results : 1) Endophthalmitis occurred at 10 7 CFU/eye, but not at 10 2 CFU/eyc. 2) In the Mixed 
inoculation group, endophthalmitis occurred at 10 3 CFU/eye. No endophthalmitis occurred in the 
Separate inoculation group or Bacteria inoculation group. 3) Endophthalmitis was able to be 
prevented in the antibacterial visco group. However, treatment of endophthalmitis was difficult in 
the eye drop treatment group. 

Conclusion : The viscoelastic material fomented the bacterial endophthalmitis. A mixture of 
viscoelastic material and levofloxacin is effective on the bacterial endophthalmitis prevention. 

J Med Soc Toho 52(5) : 305-317, 2005 
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Postoperative bacterial endophthalmitis is a serious 
postoperative complication u \ although its frequency 
is only about 0.07% due to recent advances in surgical 
methods and antibacterial drugs 3 ~ 8) . However, when 
postoperative bacterial endophthalmitis occurs and 
bacteria reach the vitreous, the prognosis remains 
extremely poor 3,9 " 12) . 

Viscoelastic materials are commonly used in oph- 
thalmic surgery 13, u) , and the use of new dispersive 
viscoelastic materials, in addition to the current 
cohesive viscoelastic materials, is becoming more 
widespread l5 ~ l7) . To protect the corneal endothe- 
lium, dispersive viscoelastic materials are designed to 
remain in the intraocular space 18 ~ 2i) . However , the 
effect of residual viscoelastic material on the inci- 
dence of postoperative bacterial endophthalmiiis has 
not been reported. In the previous study, we found 
that viscoelastic materials delayed antibacterial drug 
penetration in vitro. For the present study, a rabbit 
bacteria! endophthalmitis model was developed, and 
the effect of viscoelastic materials on bacterial 
endophthalmitis was examined. In addition, we 
investigated the effectiveness of a compound we 
have dubbed "Antibacterial Visco", a mixture of 
viscoelastic material and levofloxacin in preventing 
bacterial endophthalmitis. 

Methods 

1. Development of rabbit bacterial endophthalmitis 
model 

A rabbit bacterial endophthalmitis model was 
developed and changes in intraocular bacterial count, 
as well as observational and histopathologic findings 
were examined. 

Laboratory animals: Japanese albino rabbits were 
maintained in accordance with institutional guide- 
lines and the Association for Research in Vision and 
Ophthalmology Statement for the Use of Animal's in 
Ophthalmologic and Vision Research. The animals 
were housed in separate cages under a cycie of 
12-hour light and 12-hour darkness. 

Strain : Methicillin-resistant Staphylococcus aureus 
MK99-3 (MRS A MK99-3) obtained from a patient 
with ocular infection was used. 

Anesthesia: Ketamine hydrochloride (50mg/ml) 
and xylazine hydrochloride (20mg/m!) were used. 
The ratio was 7:1, respectively. Intraperitoneal 



injection of 4 ml was given as general anesthesia. 

Bacterial liquid inoculation : General anesthesia 
was administered to 20 Japanese albino rabbits. 
Paracentesis of 0.1ml of the aqueous humor was 
then performed. After that, 0.1 ml of bacterial liquid 
was injected into the anterior chambers of the rabbit 
eyes. The inoculation bacteria count was adjusted to 
either approximately 10 3 CFU/eye (N=10) or 10 7 
CFU/eye (N=10). 

Eyes were observed for corneal opacity, ciliary 
injection, hypopyon and discharge. Eyes with at 
least three of these conditions were classified as 
endophthalmitis The rabbits were euthanized by 
inj ection i nto the cardiac sac of 4 ml of thiopental 
sodium (25mg/ml) either 6, 12, 24, 48 or 72 hours 
after inoculation, and ophthalmectomy was per- 
formed. Cultures of the aqueous humor (0.05 ml/ 
eye) and vitreous humor were prepared. Histo- 
pathologic specimens were then taken from the 
removed eyeballs. After fixing the eyeballs in 10% 
formalin immediately after removal, Giemsa staining 
and Hematoxylin-Eosin staining were performed, 

2. Effects of viscoelastic material on bacterial 

endophthalmitis 

After the rabbit bacterial endophthalmitis model 
was developed, viscoelastic material was added. To 
examine the effect of viscoelastic materials, the 
timing of viscoelastic and bacterial liquid inoculation 
was varied. 

The details of the laboratory animals, the bacterial 
strain and the anesthesia are given in the previous 
section. 

. Viscoelastic materials: Healon^ (Pfizer, USA) -a 
hyaluronate sodium solution, and Viscoat® ( ALCON, 
USA) -a sodium hyaluronate and chondroitin sulfate 
sodium solution-were used. 

Bacterial liquid inoculation : General anesthesia 
was administered to 88 Japanese albino rabbits. 
Then, the anterior chambers of the rabbit eyes were 
inoculated with viscoelastic material and/or bacterial 
liquid. There were three inoculation groups. 

A) Mixed inoculation group : The ratio of visco- 
elastic material to bacterial liquid was 9:1. Para- 
centesis of 0.1 ml of the aqueous humor was per- 
formed. The anterior chamber was inoculated with 
0.1 ml of the mixed liquid (N=J6; 8 Healon cases 
and 8 Viscoat cases). The bacteria count was adjusted 
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to approximately 100 CFU/eye. 

B) Separate inoculation group : 0.1 ml of the aque- 
ous humor was removed by paracentesis. Then, 0.09 
ml of viscoelastic material was injected into the 
anterior chamber, followed by a separate 0.01 ml 
injection of bacterial liquid (N = 64; 32 Healon 
cases and 32 Viscoat cases). Inoculation of bacterial 
liquid was done immediately, 6, 12, or 24 hrs after 
inoculation of viscoelastic materials. The bacteria 
count was adjusted to approximately 100 CFU/eye. 

C) Bacteria inoculation group : 0.1 ml of the aque- 
ous humor was removed by paracentesis. Then, 0.1 
ml of bacterial liquid was injected into the anterior 

_chamber_(.N=8.) The_bacteria_count_was-adjusted- 

to approximately 100 CFU/eye. 

Eyes were observed for corneal opacity, ciliary 
injection, hypopyon and discharge. Eyes with at 
least three of these conditions were classified as 
endophthalrnitic. Cultures of aqueous humor (0.05 
ml/eye) were made either 24 or 48 hrs after initial 
inoculation. Rabbits were euthanized 48 hrs after 
inoculation, and ophthalmectomy was performed. 
Cultures of the aqueous humor (0.05 ml/ eye) and 
vitreous humor were made. Histopathologic speci- 
mens were taken from the removed eyeballs. After 
fixing the eyeballs in 10% formalin immediately 
after removal, Giemsa and Hematoxylin-Eosin stain- 
ings were performed. 

3. Prevention of bacterial endophthalmitis with 

viscoelastic materials and newquinolone 

A rabbit bacteria] endophthalmitis model was 
developed. An antibacterial drug was administered 
to these rabbits by various methods, and the effec- 
tiveness was examined. 

Details of the laboratory animals, viscoelastic 
materials and anesthesia used are given in the 
previous section. 

Antibacterial drug: 0.596 Levofioxacin (LVFX, 
Cravid®, Santen Pharmaceutical, JAPAN) was used. 
The highest concentration in aqueous humor 
(AQCmax) of 0.5% LVFX was 2.17 yt g/ml 22) . 

Strain : Staphylococcus aureus Smith was used, 
because it can be treated with antibacterial drugs 
and is capable of causing endophthalmitis. The 
minimum inhibitory concentration of LVFX to 

9 

Staphylococcus aureus Smith was 0.25 ,u g/ml. 

Bacterial liquid inoculation : Genera! anesthesia 



was given to 52 Japanese albino rabbits. Then, 
bacteria] liquid was injected into the anterior cham- 
bers of the rabbit eyes. There were 4 inoculation 
groups. 

A) Antibacterial Visco group (N=20, 10 Healon 
cases and 10 Viscoat cases): the ratio of viscoelastic 
material to bacterial liquid to LVFX was 9 ml : 0.5 
ml : 0.5 ml. The materials were mixed immediately 
before inoculation. • Paracentesis of 0.1 ml of the 
aqueous humor was performed, and the total 
inoculant volume was 0.1 ml/eye. The final concen- 
tration of bacteria in the mixture was adjusted to 
10* CFU/eye. The final concentration of LVFX in 
-the-mixture- was-adjusted-to-2-^-g/mL 



B) Eye Drop Treatment group (N = 20, 10 Healon 
cases and 10 Viscoat cases): the ratio of viscoelastic 
material to bacterial liquid was 9 ml : 1 ml. The 
materials were mixed immediately before the inocu- 
lation. Paracentesis of 0.1 ml of the aqueous humor 
was performed, and the total inoculant volume was 
0.1 ml/ eye. The final concentration of bacteria in 
the mixture was adjusted to 10* CFU/eye. 0.5% 
LVFX eye drop treatment and injection of 50 y- 1 of 
LVFX into the cul-de-sacs of rabbit eyes 4 times/day 
had been performed on the day before the inocula- 
tion. Eye drop treatment continued until the final 
day of the study. 

C) Non -Treatment group (N = 8, 4 Healon cases 
and 4 Viscoat cases): the ratio of viscoelastic mate- 
rial to bacterial liquid was 9:1. The materials were 
mixed immediately before the inoculation. Paracen- 
tesis of 0.1 ml of the aqueous humor was performed, 
and the total inoculant volume was 0.1 ml/eye. The 
final concentration of bacteria in the mixture was 
adjusted to 10^ CFU/eye. 

.D) Bacteria inoculation group: inoculation of 
bacterial liquid only (N = 4). Paracentesis of 0.1 ml 
of the aqueous humor was performed, ana the total 
inoculant volume was 0.1 ml/eye. The final concen- 
tration of bacteria in the mixture was adjusted to 
10 4 CFU/eye. 

Corneal opacity, ciliary injection, hypopyon and 
discharge were assessed. Eyes with three or more of 
these conditions were classified as endophthalrnitic. 
The aqueous humor (0.05 ml /eye) was cultured 24 
or 48 hours after inoculation, after general anesthe- 
sia. The rabbit was euthanized 48 hours after 
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inoculation and oph thymectomy was performed. 
After general anesthesia, 4 ml of thiopental sodium 
(25mg/ml) was injected into the cardiac sac as 
euthanasia. A culture of the vitreous was then made. 
The specimens were scanned under scanning electron 
microscope (Japan Electron Optics Laboratory 
JSM-5410) at 15 kV. 

Bonferroni's method was used for statistical 
analyses of the difference detection of the population 
rate of a multi crowd. The significance level was 
set to 0.0 1. 

Results 



-l- — Development— of-rabbit~bacterial_endophthah 
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hours and remained negative thereafter. Aqueous 
humor cultures in the 10 7 CFU/eye inoculation 
group were positive until 24 hours after inoculation. 
Thereafter, all aqueous humor cultures were nega- 
tive, regardless of the severity of endophthalmitis 
signs. Endophthalmitis findings were examined in 
histopathologic specimens according to inoculation 
bacteria count/ Edema of the cornea, vasodilation 
of iris stroma vessel, trabeculum abscess, hypopyon, 
and bacterial vitreous invasion were observed. 
Bacterial colonization of the iris was observed in a 
specimen with a negative aqueous humor culture in 
the 10 7 CFU/eye inoculation group (Photo 1). 
2. Effects of viscoelastic materials on bacterial 



mitis model 

The endophthalmitis rate is shown in Table 1. In 
the 10 7 CFU/eye inoculation group, endophthalmitis 
rate at 6 hours after inoculation was calculated and 
continued thereafter for 72 hours after inoculation. 
In the 10 3 CFU/eye inoculation group, there were 
no cases of endophthalmitis during the observation 
period. The vitreous cultures were positive in all 
cases of endophthalmitis. 

The positive aqueous humor culture rate is shown 
in Table 2. Aqueous humor cultures in the 10' 
CFU/eye inoculation group were negative after 6 



endophthalmitis 

The endophthalmitis rate is shown in Table 3. In 
the Mixed inoculation group at 100 CFU/eye, the 
endophthalmitis rate was 8 of 8 eyes and 7 of 8 eyes 
with Healon and Viscoat, respectively. No endophth- 
almitis occurred at 100 CFU/eye in the Separate 
inoculation group or the Bacteria inoculation group. 
A significant difference in endophthalmitis rate was 
observed between the Mixed inoculation group and 
the Separate inoculation group (p<0.01, Bonferroni's 
method). No significant difference in the bacterial 
endophthalmitis rate was observed between Healon 



Table 1 Endophthalmitis rate after inoculation 
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Observation time after inoculation (Hours) 
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24 


48 


72 
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6 
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Endophthalmitis eyes 
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0 
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10 
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Crisis (%) 
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100 


100 


100 


100 


100 



Endophthalmitis was present in the 10 7 CFU/eye inoculation group 6 hours after inoculation, and continued 
thereafter. Endophthalmitis did not develop in the 10 3 CFU/eye inoculation group. All vitreous cultures were 
positive in cases of endophthalmitis. 



Table 2 Rate of positive 


aqueous humor 


cultures 
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lO 7 CFU/eye 


Culture time after inoculation (Hours) 6 
Total eyes 

Culture positive eyes 0 
Mean CFU (CFU/0.05ml) 

Culture positive rate (%) & 


12' 24 48 
2 2 2 
0 0 0 

0 0 0 
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1000 
100 


12 

— » 

2 

500 
100 


24 
2 
2 

3S0 
100 


43 72 
2 2 
0 0 

0 0 


All aqueous humor cultures of the 10 3 CFU/eye inoculation group were negative. 
l0 : CFU/eye inoculation group were positive until 24 hours. After that, all aqueous 
regardless of the severity of endophthalmitis. 


Aqueou 
hum oi- 


s humor cultu 
cultures Were 


re of the 
negative. 
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Table 3 Endophthalmitis rate after inoculation by groups 
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Separate 




VIS 




Bacteria 




HL 


VIS 


0 


0 


12 


24 


0 


6 


12 


24 
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Endophthalmitis eyes 
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Crisis rate (%) 


100 


87.5 


0 


0 


0 


0 


0 


0 


0 


0 


0 



KL: Healon, VIS: Viscoat 

There was a significant difference in endophthalmitis rate between the Mixed inoculation group and the Separate 
inoculation group (p<0.01). There was no significant difference in bacterial endophthalmitis rate between the 
Healon and Viscoat groups (p>0.05). All vitreous cultures of endophthalmitis cases were positive. 



Table 4 Positive aqueous humor culture rate by groups 
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0 


0 
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HL : Healon, VIS : Viscoat 

Remarkable bacterial proliferation was observed at 24 hours after inoculation in the Mixed inoculation group. 
However, aqueous humor cultures were negative at 48 hours. Aqueous humor cultures were negative in the Separate 
inoculation group and the Bacteria inoculation group. 



and Viscoat (p>0.05, Bonferroni's method). All 
vitreous cultures were positive in cases of endo- 
phthalmitis. 

The aqueous humor culture positive rate is shown 
in Table 4. Remarkable bacterial proliferation was 
observed at 24 hours after inoculation in the Mixed 
inoculation group. However, aqueous humor cultures 
were negative at 48 hours. Aqueous humor cultures 
were negative in the Separate inoculation group and 
the Bacteria inoculation group. 

Histopathologic findings of endophthalmitis were 
noted in the Mixed inoculation group, but not in 
the Separate inoculation group or the Bacteria inocu- 
lation group. After inoculation, residual viscoelastic 
material was observed. Bacterial proliferation in 
residual viscoelastic material was observed in the 
Mixed inoculation group (Photo 2). Limitation of 
polynuclear leukocyte movement in the viscoelastic 
materia] layer was noted in the Mixed inoculation 
group (Photo 3) t| i.e., leukocytes did not reach 
bacteria covered with the viscoelastic material. 
Bacterial colonization of the ciliary processes was 



observed in a specimen from a negative aqueous 
humor culture in the Mixed inoculation group 
(Photo 4). 

3. Prevention of bacterial endophthalmitis with 
viscoelastic materials and newquinolone 
The endophthalmitis rate at 10 4 CFU /eye is 
shown in Table 5. In the Antibacterial Visco group, 
1 of 10 eyes treated with Healon and 2 of 10 eyes * 
treated with Viscoat showed signs of endophth- 
almitis. In the Eye Drop Treatment group, 9 of 10 
eyes treated with Healon and 10 of 10 eyes treated 
with Viscoat showed signs of endophthalmitis. All 
vitreous cultures were positive in cases of 
endophthalmitis. 
" A significant difference in the endophthalmitis 
rate was also observed with Healon between the 
Antibacterial Visco group and the Eye Drop Treat- 
ment group (p<0.01, Bonferroni's method). There 
was also a significant difference in endophthalmitis 
rate with Viscoat between the Antibacterial Visco 
group and the Eye Drop Treatment group (p<0.01, 
Bonferroni's method). No significant difference was 
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Table 5 Endophthalmitis rate after inoculation 
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Antibacterial Visco 


Eye Drop 
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Non Treatment 
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Total eyes 


10 


10 
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Crisis rate (%) 


10 


20 
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100 
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KL : Healon, VIS : Viscoat 

There was a significant difference in endophthalmitis rate with Healon between Antibacterial Visco group and Eye 
Drop Treatment group (p<0.0l). There was also a significant difference in endophthalmitis rate ^ with 
Viscoat between Antibacterial Visco group and Eye Drop Treatment group (p<0.01). There was no significant 
difference in endophthalmitis rate between Healon and Viscoat in any group (p>0.05). In Non-Treatment group, all 
eyes suffered endophthalmitis. There was no significant difference in endophthalmitis rate between Non-Treatment 
group and Eye Drop Treatment group. In Bacteria inoculation group, no eyes contracted endophthalmitis. 



observed in endophthalmitis rate between Healon 
and Viscoat in any group (p>0.05, Bonferronrs 
method). In the Non-Treatment group, all eyes 
suffered endophthalmitis. No significant difference 
was observed in endophthalmitis rate between the 
Non-Treatment group and the Eye Drop Treatment 
group. In the Bacteria inoculation group, no eyes 
contracted endophthalmitis. 

Aqueous humor cultures taken 24 and 48 hours 
after inoculation were negative, regardless of 
endophthalmitic status. Limited migration of 
polynuclear leucocytes through the viscoelastic 
material layer was observed (Photo 5), In the 
Antibacterial Visco group, limited migration of 
polynuclear leucocytes did not result in endo- 
phthalmitis. 

Discussion 

In the present study using a rabbit bacterial 
endophthalmitis model, bacterial endophthalmitis 
occurred at a concentration of 10 7 CFU/eye, but not 
at 10 3 CFU/eye, a finding which suggests that it is 
necessary to consider the invading bacterial count 
after intraocular surgery. Although disinfection and 
antibacterial drug use are painstakingly utilized to 
prevent postoperative bacterial endophthalmitis 23 * 2 ^, 
many surgeons have reported bacteria spread to the 
aqueous humor during cataract surgery even when 
all reasonable preventive measures had been 
taken 27 ~ 36) . Fortunately, invading bacterial counts 
tend to be very low in recent intraocular surgery" 4, j0j . 
Moreover, when bacteria invade, the anterior cham- 
ber has stronger resistance than the vitreous. In 



animal experiments, bacterial endophthalmitis devel- 
ops at a concentration as low as 10 CFU/eye in 
vitreous inoculation 371 . A higher number of bacteria 
are necessary in anterior chamber inoculations : 
10,000 or more 38 " 40 *. The results of the present 
study do not contradict these findings. Our findings 
suggest that the anterior chamber is an inhospitable 
location for bacterial proliferation. 

However, the reason why the anterior chamber is 
so resistant to bacterial proliferation is unknown. It 
has been suggested that clearance activity in the 
aqueous humor protects against bacterial invasion. 
Bacteria in the anterior chamber are excluded from 
the trabeculum by this clearance. Moreover, phago- 
cytes in the trabecula show remarkable phagocytic 
activity in the eye. A strong inflammatory reaction 
including ciliary injection is observed in this area in 
early stage endophthalmitis. Moreover, migration of 
phagocytes, such as neutrophilic granulocytes, from 
the vessel of the iris has been noted. Needless to 
say, antibacterial drug action at. surgery might also 
be important. In the present study, aqueous humor 
cultures remained negative despite inoculation of 
bacieria to the anterior chamber' and the presence of 
severe endophthalmitis. Furthermore, bacterial coloni- 
zation of the iris was observed in a negative aqueous 
humor culture group. Bacteria in the anterior 
chamber are not easily detected in an investigation 
of the aqueous humor. There are many reports 
suggesting that, in cases of postoperative bacterial 
endophthalmitis, vitreous cultures are superior to 
aqueous humor cultures. The results of the pres- 
ent study confirm these reports 5 '* 0 . Our findings 
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suggest that through clearance and phagocytosis, the 
aqueous humor is capable of excluding even large 
numbers of bacteria. Because of clearance and 
phagocytosis, the bacterial count decreased with time 
and negative cultures were obtained after 48 hours 
in eyes thai had been endophthalmitis. 

Postoperative bacterial endophthalmitis includes 
anterior and posterior postoperative bacterial endo- 
phthalmitis. Anterior endophthalmitis remains in 
the anterior chamber, and posterior endophthalmitis 
reaches the vitreous. Posterior endophthalmitis is 
refractory, even if emergency vitreous surgery is 
performed, and visual acuity outcomes are poor. 
The entry poinffoF^bacteria - in antenoT _ intra"Ocular 
surgery such as cataract surgery is the anterior 
chamber 28 *. In modern cataract surgery, the possi- 
bility of bacteria immediately reaching the vitreous 
is very low when rupture of the posterior capsule 
does not occur 3, 5, 6, 38, 39>42> . In addition, the number 
of bacteria invading the anterior chamber is low 
However, postoperative bacterial endophthalmitic 
crises can still occur. The mystery is why a small 
number of bacteria is capable of evading the robust 
defenses of the anterior chamber to cause bacterial 
endophthalmitis. 

In the present study of the effects of viscoelastic 
materials on bacterial endophthalmitis, endophthal- 
mitis occurred at a concentration of lOOCFU/eye in 
the Mixed inoculation group. Endophthalmitis in 
the anterior chamber inoculations does not usually 



develop at this concentration, which suggests that 
the presence of viscoelastic materials contributes to 
the incidence of endophthalmitis. However, because 
endophthalmitis did not develop in the Separate 
inoculation group in the present study, it appears 
that viscoelastic materials alone do not make 
endophthalmitis. There is one report of endophthal- 
mitis due to contaminated viscoelastic material 435 . 
Residual viscoelastic material in intraocular surgery 
caused angle occlusion and increased intraocular 
pressure 44, 43) . Moreover, residual viscoelastic material 
limits aqueous humor clearance and cause pooling of 
bacteria by angle occlusion (Fig. l). In addition, it 
"might-shield-bacteria-from-aqueous-humor-clearance 
and phagocytosis (Fig. 2). Angle occlusion due to 
viscoelastic material was present in both the Mixed 
inoculation group and the Separate inoculation 
group. However, the protection of bacteria by 
viscoelastic material in the Mixed inoculation group 
was more obvious than in the Separate inoculation 
group; endophthalmitis was indeed observed in the 
Mixed inoculation group in the present study. 
Regarding the reason for the occurrence of 
endophthalmitis with viscoelasiic material, the 
protection of bacteria, rather than angle occlusion, 
appears more likely. Bacterial proliferation occurs 
under the viscoelastic material layers. 

There was no significant difference in the endo- 
phthalmitis rate between Healon and Viscoat in this 
study. Viscoat, a dispersive viscoelastic material, 



Photo 2 



Photo 3 



Photo 1 Image of a rabbit eye infect.ed with methicillin-resisiam Staphylococcus aureus MK99-3, 72 hours after 
inoculation. (Giemsa stain, X1Q0) 

Bacterial colonization of the iris (arrow) in a specimen from a negative aqueous humor culture from the 
l0 7 CFU/eye inoculation group. 

Image of a rabbit eye infected with methicillin-resistant Staphylococcus aureus MK99-3, 48 hours after 
inoculation with Viscoat. (Giemsa stain, X400) 

Bacterial proliferation (arrow) can be seen in residual viscoelastic material. 

Image of a rabbit eye infected with methicillin-resiscant Staphylococcus aureus MK99-3, 48 hours after 
inoculation with Viscoat. (Hernatoxylin-Eosin stain, X200) 

Interruption of polynuclear leukocyte migration (arrow) by viscoelastic material layer occured in the Mixed 
inoculation group. 

Image of a rabbit eye infected with methicillin-resistant Staphylococcus aureus MK99-3, 4S hours after 
inoculation with Healcn. (Giemsa stain, X4Q0) 

Bacterial colonization (arrow) on ciliary processes can be seen in a negative aqueous humor culture from 
the Mixed inoculation group. 

Electron microscopic image of a rabbit eye infected with Staphylococcus aureus Smith, 48 hours after the 
inoculation (X2000). 

This imase of the iris surface was taken from the corneal side. Retarded migration of polynuclear 
leucocytes (arrow) through the viscoelastic material layer (net shape) can be seen. 
Residual viscoelastic material can cause pooling of bacteria by angle occlusion 

Residual viscoelastic material might protect bacteria by shielding them from the clearance of aqueous humor 
flow and phagocytosis. 
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more readily remains in the intraocular space i6 ~ 1H) , 
because of its rheological characteristics. Thus it is 
possible that Viscoat use may result in some degree 
of endophthalmitis. However, the aspiration proce- 
dure usually performed during surgery was not done 
in the present study. Thus, residue of both viscoeiastic 
materials remained in the anterior chamber in the 
present study, which may explain the lack of a 
significant difference between Healon and Viscoat. 

In this study, a realistic bacterial count of 100 
CFU/eye was inoculated. Other studies of endo- 
phthalmitis used anterior chamber inoculations with 
an unrealistic bacterial count of 10 5 CFU/eye 38 " 40 *. 
In a recent re port, the bacterial cou nt in_an_aqueous- 



humor culture immediately; after cataract surgery 
corresponded to the bacterial count in the present 
study 24, 3C) , suggesting that the possibility of 
endophthalmitis with a bacterial count of 100CFU/ 
eye is realistic. In light of these findings, the 
necessity of viscoeiastic material removal becomes 
clear. However, because complete removal of 
residual viscoeiastic material is impossible, precau- 
tion against endophthalmitis appears necessary. 

In the present study of prevention of bacterial 
endophthalmitis with viscoeiastic materials in combi- 
nation with newquinolones, LVFX eye drop treat- 
ment was ineffective in preventing endophthalmitis 
in the presence of viscoeiastic material. Although 
Staphylococcus aureus Smith is an LVFX-sensitive 
strain, LVFX penetration might have been delayed 
by the presence of viscoeiastic material. Indeed, a 
delay in antibacterial drug penetration by viscoeiastic 
material was reported in the previous article. 
Because of this delay, the antibacterial drug was 
washed out by aqueous flow before LVFX pene- 
trated the viscoeiastic material. No difference 
between Healon and Viscoat was observed in the 
present study because the anterior chamber washing 
during the actual cataract surgery was not per- 
formed in the present study. 

Our findings clearly show that Antibacterial Visco, 
a mixture of viscoeiastic material and antibacterial 
drug, prevented endophthalmitis. In the previous 
research, we showed that antibacterial drug penetra- 
tion is not decreased by admixture with viscoeiastic 
material and that viscoeiastic material combined 
with LVFX at AQCmax concentration can prevent 

52 $ 5 



bacterial endophthalmitis. 

These studies have shown that a small number of 
bacteria can cause bacterial endophthalmitis in the 
presence of viscoeiastic material, and that the use of 
viscoeiastic material makes antibacterial eye drop 
treatment ineffective. However, the preventive effect 
of Antibacterial Visco was demonstrated. Postopera- 
tive bacterial endophthalmitis is a very serious 
complication I,2) , and a number of possible risk 
factors have been proposed, including posterior 
capsular rupture, diabetes mellitus, contamination of 
drugs or surgical instruments, or insufficient 
disinfection 19, 46_49) . We investigated the presence of 
-residual-viscoelastiG-material-as-a-risk-factor; — The"" 
followings are tentative explanation for the accelera- 
tion of endophthalmitis by viscoeiastic materials: 

1) Sheltering of bacteria from the clearance effect 
of aqueous humor by viscoeiastic material. 

2) Delay in antibacterial drug penetration by 
viscoeiastic material. 

These are the negative consequences of viscoeiastic 
material use. However, we believe that such materi- 
als can instead be used to prevent endophthalmitis. 
Antibacterial Visco is an attempt to facilitate anti- 
bacterial drug delivery in cases where viscoeiastic 
materials are necessary. Indeed, other applications 
have already been investigated: anesthetic viscoeiastic 
materials have been reported 50 " 511 , as have viscoeiastic 
materials with gentamicin for bacterial endophthal- 
mitis treatment 53,50 . 

The use of viscoeiastic material remains indispen- 
sable to modern intraocular surgery. In particular, 
viscoeiastic materials are important in cataract 
surgeries, which represent the majority of intraocular 
surgeries 1 '' u} . Further development of viscoeiastic 
materials is required. One such development was 
the addition of endothelium protection to the essen- 
tial space maintenance ability of viscoeiastic material 
,3 " i!) . The intraocular is not sterile during surgery 
and the viscoeiastic material has not been completely 
removed at the end of operation. Bacterial endo- 
phthalmitis can easily occur in the presence of 
residual viscoeiastic material. In addition, endo- 
phthalmitis in the presence of viscoeiastic material is 
refractory to eye drop treatment. In conclusion, our 
findings show that mixture of antibacterial drug and 
viscoeiastic material can prevent endophthalmitis. 
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In addition, we believe that development of Antibac- 
terial Visco would be a further improvement. We 
have already developed a "double protection" 
viscoelastic material by adding antibacterial action to 
a viscoelastic which is also capable of protecting the 
corneal endothelium. We hope that this new 
viscoelastic material can improve the safety of future 
intraocular surgical procedures. 
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